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(57) ABSTRACT

Two contact detection j1gs are spaced apart and attached on a
table on which a workpiece to be machined by a wire electric
discharge machine 1s placed, and first, under a state serving as
a reference, a distance between these two contact detection
11gs (a reference distance) 1s measured by bringing the wire
clectrode into contact with these contact detection j1gs. Sub-
sequently, 1n a state of actual use, the wire electrode 1s brought
into contact with these contact detection jigs in the same
mannet, so that a distance between these two contact detec-
tion j1gs (an actual distance) 1s measured. Then, based on the
difference between the reference distance and the actual dis-
tance, the amount of compensation 1s obtained to compensate

an struction for moving the wire electrode with respect to
the table.
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WIRE ELECTRIC DISCHARGE MACHINE
HAVING POSITIONING ACCURACY
COMPENSATION FUNCTION

RELATED APPLICATIONS

The present application 1s based on, and claims priority
from, Japanese Application Number 2011-178530, filed Aug.

17, 2011, the disclosure of which 1s hereby incorporated by
reference herein 1n 1ts entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a wire electric discharge
machine having a function of improving positioning accu-
racy, which 1s affected and deteriorated by the installation
state of the machine, a machining liquid weight, a workpiece
weight, and the like.

2. Description of the Related Art

Usually, 1n an assembly plant, a wire electric discharge
machine uses an expensive high-precision measurement
device such as a laser interferometer (see Japanese Patent
Application Laid-Open No. 62-271633) and a pitch master
(see Japanese Patent Application Laid-Open No. 3-161247)
to measure the positioning accuracy of each drive axis, and
compensates the pitch error.

In FIG. 21, (a) 1s a figure 1llustrating a reference state in
which the pitch error 1s compensated 1n an assembly plant, (b)
1s a figure 1llustrating a state 1n which a bed 1s bent due to the
elfects of the machining liquid and the workpiece, and (c) 1s
a figure 1llustrating a state 1n which the strength of the floor 1s
weak, and the floor 1s dented, so that the bed 1s bent. In the
state (b), the central portion of the bed 1s dented, and a dis-
tance between two points 1s shorter than that 1n the state (a). In
the state (c), both sides of the bed are dented, and a distance
between two points 1s longer than that in the state (a). It should
be noted that the bed means a mechanism unit for carrying,
and holding a table moving mechanism in the wire electric
discharge machine. FIG. 22 1s a figure illustrating pitch errors
in the state (a), (b) and (c) of FIG. 21.

Since expensive high-precision measurement devices such
as the laser interferometer and the pitch master cannot be used
in machining liquid, the positioning accuracy 1s measured
while the machining liquid 1s not accumulated 1n a machining,
tank 1n an assembly plant.

However, during actual machiming of a workpiece, 1t 1s
necessary to accumulate the machining liquad to a level equal
to or higher than the height of the upper surface of the work-
piece, and the machine may be affected by the machining
liquid weight and the workpiece weight, and therefore the
pitch accuracy of the workpiece may not fit within a reference
value. When the machine 1s shipped from the assembly plant
and brought and installed 1n a user’s plant, the amount of
deflection of the machine 1s different due to difference of the
strength of the floor and difference of the leveling state of the
machine between the assembly plant and the user’s plant, and
therefore the positioming accuracy may change. Therefore, in
an 1deal case, after the machine 1s installed 1n the user’s plant,
it 15 necessary to compensate the pitch error again using a
measurement device such as a laser interferometer and a pitch
master. However, this requires an expensive measurement
device, and the installation and the method for using the
measurement device are difficult. Therefore, 1n reality, 1t 1s

difficult for the user to measure the positioning accuracy.

SUMMARY OF THE INVENTION

Accordingly, in view of the above problems associated
with conventional techniques, 1t 1s an object of the present
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2

invention 1s to provide a wire electric discharge machine
having a function of improving positioning accuracy, which 1s
alfected and deteriorated by the installation state of the
machine, a machining liquid weight, a workpiece weight, and
the like.

The present mvention relates to a wire electric discharge
machine having a machining tank for storing a machining
liquid, wherein an object to be machined 1s placed on a table
provided in the machining tank, and the object1s machined by
relatively moving a wire electrode with respect to the table on
the basis of an 1instruction output from a controller. In order to
achieve the above object, this wire electric discharge machine
includes (1) a combination of contact detection jigs including
a first contact detection j1g having a first contact detection unit
and a second contact detection j1g having a second contact
detection unit, wherein the first and second contact detection
11gs are arranged at a predetermined distance from each other
on the table such that the first and second contact detection
units face each other, (2) a contact detection unit for detecting,
contact between the wire electrode and the first and second
contact detection jigs, (3) a coordinate value memory unit for
respectively storing coordinate values of axes moved when
the wire electrode comes into contact with the first and second
contact detection j1gs, (4) a reference distance memory unit
for causing the wire electrode to come 1nto contact with the
first and second contact detection jigs under a first state 1n
which a desired positioning accuracy can be obtained, and
obtaining and storing, as a reference distance, a distance
between the first contact detection j1g and the second contact
detection jig from the coordinate values when the wire elec-
trode comes into contact with the first and second contact
detection j1gs, which are stored in the coordinate value
memory unit, (5) an actual distance memory unit for causing,
the wire electrode to come 1nto contact with the first and
second contact detection jigs under a second state which 1s
different from the first state, and storing, as an actual distance,
a distance between the first contact detection jig and the
second contact detection j1g from the coordinate values when
the wire electrode comes into contact with the first and second
contact detection jigs, which are stored in the coordinate
value memory unit, and (6) a compensation unit for calculat-
ing a difference between the reference distance stored in the
reference distance memory unit and the actual distance stored
in the actual distance memory unit, and compensating the
instruction according to the distance from the contact position
coordinate so as to cancel the difference during actual
machining.

In the first state, the object may not be placed on the table,
and the machining liquid may not be accumulated 1n the
machining tank, and 1n the second state, the object may be
placed on the table, and the machiming liquid may be accu-
mulated to a predetermined machining liqud level in the
machining tank. The second state may be achieved by accu-
mulating the machining liquid equivalent to a weight of the
object placed on the table, 1n addition to the machining liquid
level during the actual machining.

In the first state, the wire electric discharge machine may be
installed on a floor with a strength at which a desired posi-
tioning accuracy can be obtained, and 1n the second state, the
wire electric discharge machine may be installed on a floor at
a location of which strength of a floor 1s different from that of
the first state.

The combination of the contact detection jigs may be a
plurality of contact detection jigs installed 1n each moving
direction of the moving axis.

The combination of the contact detection jigs may be a
plurality of contact detection j1gs arranged in parallel.
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The contact detection jig may be made by making a
through-hole 1n a plate-like member, and a coordinate of a
center of the hole 1s obtained by bringing the wire electrode
into contact with at least three locations on an 1nner surface of
the through-hole, and the coordinate value may be adopted as
a coordinate value of an axis moved when the contact detec-

tion j1g and the wire electrode come into contact with each
other.

The combination of contact detection jigs may be consti-
tuted as a single contact detection jig having at least two
contact units with the wire electrode.

The present imvention can provide the wire electric dis-
charge machine having a function of improving positioning
accuracy, which 1s affected and deteriorated by the installa-
tion state of the machine, a machining liquid weight, a work-
piece weight, and the like.

BRIEF DESCRIPTION OF THE DRAWINGS

The aforementioned and other objects and features of the
present invention will be apparent from the following descrip-
tion of embodiments with reference to the accompanying
drawings, in which:

FI1G. 1 1s aschematic block diagram 1llustrating an embodi-
ment of a wire electric discharge machine according to the
present invention;

FIG. 2 1s an external perspective view illustrating a
machining tank of the wire electric discharge machine, with
some of the wall surface of the machining tank removed for
illustrative purpose;

FIG. 3 1s an external perspective view 1llustrating an
example of a contact detection j1g;

FIGS. 4A and 4B are figures 1illustrating how a contact
position between the contact detection jig and the wire 1s
measured with the same loaded condition as that ol the assem-
bly plant;

FIG. § 1s a figure illustrating how a contact position
between the contact detection jig and the wire 1s measured
when a workpiece 1s set on the table and the machining liquid
1S accumulated;

FIG. 6 1s a graph 1llustrating an inclination ® of the amount
of compensation for compensating change of the positioning
accuracy;

FI1G. 7 1s a figure 1llustrating an example where an inter-jig
distance 1s measured 1n X axis direction;

FI1G. 8 15 a figure 1llustrating an example where an inter-jig,
distance 1s measured 1n'Y axis direction;

FI1G. 9 1s a figure illustrating an example where the distance
1s measured 1n the X axis direction and the Y axis direction at
the same time;

FIG. 10 1s a figure 1llustrating an example where the dis-
tance 1s measured 1n the X axis direction and the Y axis
direction at the same time;

FIG. 11 1s a figure 1llustrating a direction in which the wire
comes 1nto contact with the contact detection jig;

FIG. 12 1s a figure illustrating an example of a contact
detection j1g of which contact detection unit 1s a round hole;

FI1G. 13 1s a figure 1llustrating an example of measurement
of an inter-j1g distance using the contact detection j1g of FIG.
12;

FI1G. 14 1s a figure illustrating an example of a method for
obtaining a hole center position with the contact detection j1g
of FIG. 12;

FIG. 15 1s a figure for 1llustrating a contact detection jig
respectively having wire electrode contact units at two loca-
tions of a support member;
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4

FIG. 16 1s a figure illustrating a contact detection jig having,
holes at two locations of one plate, capable of performing

contact detection;

FIG. 17 1s a figure 1llustrating an example where three
contact detection jigs are used;

FIG. 18 1s a figure illustrating how an 1inter-j1g distance 1s
measured 1n an assembly plant;

FIG. 19 1s a figure 1llustrating how an 1nter-jig distance 1s
measured 1n a user’s plant;

FIG. 20 1s block diagram 1illustrating overview of process-
ing in a controller;

FI1G. 21 1s a figure illustrating a reference state (a) in which
pitch error 1s compensated 1n an assembly plant, a state (b) 1n
which a bed 1s bent due to the effects of the machining liquid
and the workpiece, and a state (¢) 1n which the strength of the
floor 1s weak, and the floor 1s dented, so that the bed 1s bent;
and

FIG. 22 1s a figure illustrating pitch errors of FIGS. 21A,
21B, and 21C.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

PR.

(L]
=T

ERRED

An embodiment of a wire electric discharge machine
according to the present mvention will be explained with
reference to a schematic block diagram of FIG. 1.

A workpiece 15 1s placed and attached to a table 13 pro-
vided on a mechanism unit 10 of the wire electric discharge
machine M. Then, a voltage 1s applied between the workpiece
15 and a wire electrode 14, and the wire electrode 14 1s moved
relatively with respect to the workpiece 15 while discharge 1s
generated, so that discharge machining 1s performed on the
workpiece 15. When water 1s rapidly accumulated in the
machining tank 3, a machining liquid is supplied and accu-
mulated via a machining liquid supply path 12 for rapid water
accumulation. Thereatter, the machining liquid 16 1s supplied
via the machining liquid supply path LL1a. The machiming
liquid 1in the machiming tank 3 includes machiming dusts and
the like generated by the discharge machining in a mixed
manner, and the machining liquid 16 1s configured to tflow to
a waste water tank 8.

The machining liquid 16 collected and accumulated in the
waste water tank 8 1s pumped up by a filter pump P1 and 1s
passed through a filter F to be filtered, so that the machining
dusts and the like are removed therefrom, and the machining
liquid 16 1s supplied to a purified water tank 9. The machining
liquid 16 accumulated 1n the purified water tank 9 1s pumped
up by a circulating pump P3 via a machimng liquid supply
path L1a. Then, the machining liquid 16 1s branched at an
outlet port thereol. Some of them 1s supplied, as makeup
water, to the machining tank 3 via the machining liquid sup-
ply path L1qa, and the other of them 1s supplied to a machining
liquid cooling device 11, so that it 1s cooled and controlled
and returned back to the purified water tank 9 via the machin-
ing liqud returning path L1c.

The machining tank 3 1s provided with a pressure sensor 6
for measuring the liquid level of the machining liquid in the
machining tank 3. Based on a detection signal of the pressure
sensor 6, the machining liquid 16 1n the machining tank 3 can
be maintained at a desired liquid level. Further, water dis-
charge unit 1s provided 1n the machining tank 3, and a dis-
charge port 7 1s provided so that the machining liquid in the
machining tank 3 tlows to the waste water tank 8. This water
discharge unit includes a discharge port valve 5 and a servo
motor 4 for opening and closing the discharge port valve 5.
The wire electric discharge machine 1s controlled by a con-
troller 100 having a display unit 102.
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FIG. 2 1s an external perspective view illustrating a
machining tank of the wire electric discharge machine, with
some of the wall surface of the machining tank removed for
illustrative purpose, and 1n proximity to the machining tank 3,
a pressure sensor 1s used as water level detection means of a
water level adjusting system of machining liquid, and a servo
motor 1s used as a water level adjusting mechanism.

The wire electric discharge machine closes a door (not
shown) to accumulate the machining liquid 16 1n the machin-
ing tank 3, and detects water pressure with the pressure sensor
6. The water level in the machining tank 3 can be measured by
detecting the water pressure. Then, the degree of opening of
the discharge port valve 5 1s adjusted by the servo motor 4,
whereby the water level 1s controlled.

During the discharge machining, the objectto be machined
1s machined while the machining liqud 1s spouting from an
upper wire guide 1 and a lower wire guide 2, and accordingly,
in usual cases, control 1s performed with the discharge port
valve 5§ being opened at a predetermined amount such that the
amount equal to the amount tlowing into the machining tank
3 1s discharged. The discharge port valve 5 has such a struc-
ture that a small amount of machining liquid leaks out even
when the discharge port valve 5 1s completely closed.

Subsequently, error compensation according to the present
invention will be explained.

When the positioning accuracy compensation function
according to the present invention 1s carried out, a plurality of
contact detection j1gs are attached to the table 13 carrying the
workpiece 135, and the wire electrode 14 1s brought 1nto con-
tact with the contact detection jig, so that using the coordinate
of the contact position, the error can be calculated. FIG. 31san
external perspective view 1llustrating an example of a contact
detection j1g.

The contact detection j1g 20 1includes a wire electrode con-
tact unit 22 and a support member 21 for supporting the wire
clectrode contact unit 22. The wire electrode contact unit 22
1s a member forming a cylindrical shape member having

conductivity. For example, the surface of the wire electrode
contact unit 22 mto which the wire electrode 14 comes into
contact 1s one desirably having a surface roughness Rz 5 um
or less. The support member 21 1s formed 1n a substantially U
shape having a recessed portion, and both ends thereof are
fixed to the support member 21 so that the cylindrical wire
clectrode contact unit 22 1s arranged 1n the recessed portion.
Due to the cylindrical wire electrode contact unit 22 having
conductivity, the wire electrode contact unit 22 and the wire
clectrode 14 are in point contact, and therefore, the accuracy
of contact detection 1s improved. Since the contact detection
11g 20 1s attached to the table 13, fixing unit (not shown) 1s
provided on the support member 21. For example, this fixing,
unit includes a plate-like member for sandwiching the upper
surface and the lower surface of the table and bolts for fas-
tening the plate-like member.

Subsequently, a method for compensating error caused by
weight change will be explained.

FIG. 4 1llustrates how a contact position between the con-
tact detection j1g and the wire 1s measured with the same
loaded condition as that of the assembly plant. In this case,
‘the same loaded condition as that of the assembly plant’
means a state where the machining liquid 16 1s accumulated
in the machining tank 3 and the workpiece 15 1s not placed on
the table 13.

FIG. 5§ 1s a figure illustrating how a contact position
between the contact detection j1g 20 and the wire electrode 14
1s measured when the workpiece 15 1s set on the table 13 and
the machining liquid 16 1s accumulated.
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<In Response to Weight Change>

For two or more contact detection jigs 20 provided on the
table 13:

(1) by contact detection of the wire electrode 14 1n the
machine installation state and the loaded condition to the
table 13 with which a desired positioning accuracy can be
obtained, coordinates a , a,_, of contact positions of a first
contact detection j1g 20, and a second contact detection j1g
20 ., respectively, with the wire electrode 14 are measured
and stored, and a distance Xa,=a, _ ,—a  between the contact
detection jigs 20 , 20 ., 1s obtained. Two or more contact
detection jigs may be used. In the example of FIG. 4, two
contact detection jigs, 1.€., the first contact detection jig 20,
and the second contact detection j1g 20, . ,, are arranged at a
side of the table 13 and a side opposite thereto 1n the machin-
ing tank 3 so that the first contact detection jig 20, and the
second contact detection j1g 20, , , are aligned on the axial line
parallel to the X axis. When the wire electrode 14 1s relatively
moved with respect to the table 13, the coordinates a_, a,_ , at
the contact positions of the wire electrode 19 can be mea-
sured. FI1G. 4 illustrates that the upper wire guide 1 and the
lower wire guide 2 relatively move to each other to positions
of the upper wire guide 1' and the lower wire guide 2' 1n an
arrow direction of ‘Xan’ with respect to the table 13;

(2) the workpiece 15 1s set on the table 13, and the machin-
ing liquid 16 1s accumulated to the same liquid level as that 1n
the state where the machining tank 3 1s actually machined. As
shown 1n FIG. §, like the above (1), the coordinates b , b, _, at
the contact positions of the contact detection j1gs 20, , 20,
and the wire electrode 14 are measured and stored, and a
distance between the contact detection jigs Xb, =b,__,-b_ 1s
obtained. Coordinates b, , b, _, at the contact position can be
measured by relatively moving the wire electrode 14 or the
table 13 with respect to the contact detection jigs 20 , 20
and

(3) the inclination ®n of the amount of compensation 1s
obtained from the following calculation, ®n=(Xb, —Xa_ )/
Xb, . (see FIG. 6);

(4) when the distance from the contact position (coordinate
b, ) ofthe wire electrode 14 1s denoted as (Xb, ), the change of
the positioning accuracy caused by the weight of the machin-
ing liquid 16 1n the machining tank 3 and the weight of the
workpiece 15 can be compensated by calculating as follows:
(Xb )'-0, *(Xb, ). Making compensation according to the
distance from the contact position (coordinate b, ) of the wire
clectrode 14 means making error compensation based on the
contact position coordinate system in which the position of
the coordinate b, 1s the origin point of the coordinate.

It should be noted that “n” in the above (1) to (4) 1s a natural
number equal to or more than 1. A low voltage 1s applied
between the wire electrode 14 and the wire electrode contact
unit 22 of the contact detection j1g 20 by voltage application
unit (not shown). In a circuit formed to include the wire
electrode 14 and the wire electrode contact unit 22, whether
the wire electrode 14 and the wire electrode contact unit 22
are 1n contact with each other can be detected by detecting
change in the voltage between the wire electrode 14 and the
wire electrode contact unit 22 or change in the current flowing
through the circuat.

As shown in FIG. §, when the workpiece 15 1s placed at the
same position on the table 13 as that for actual machimng of
the workpiece 15, the effect of unbalanced load caused by the
workpiece 15 can also be taken into consideration. When the
elfect of the unbalanced load caused by the workpiece 135 can
be disregarded, the amount of the machining liquid 16 equiva-
lent to the weight of the workpiece 15 may be increased 1n the
machining tank 3, instead of placing the workpiece 15 on the

Fi+12




US 8,822,871 B2

7

table 13. The amount of the machining liquid 16 1n the
machining tank 3 can be easily changed as explained with
reference to FIGS. 1 and 2. In order to obtain highly accurate
positioning accuracy, it 1s desirable that the position where
the contact detection j1g 20 should be 1nstalled to the table 13
should be a position as close as possible to the position where
the machining 1s executed.

In this case, ‘the machine installation state and the loaded
condition to the table 13 with which a desired positioning
accuracy can be obtained’, referred to 1n the above (1), will be
explained. Specific examples of machine installation state
and loaded condition to the table 13 with which a desired
positioning accuracy can be obtained includes the following,
states <1> to <3>.

<1> The machine 1nstallation state and the loaded condi-
tion to the table 13, which are the same as those 1n the case
where the positioning accuracy 1s measured by means of a
laser interferometer or the like to perform the pitch error
compensation after the wire electric discharge machine is
installed 1n the user’s factory.

<2> The machine installation state and the loaded condi-
tion to the table 13, which are the same as those in the course
of machining 1n which a measured value of machining result
of the workpiece 15 satisfies the required accuracy.

<3> The machine installation state and the loaded condi-
tion to the table 13, which are the same as those 1n the case
where the positioning accuracy 1s measured in the assembly
plant to perform the pitch error compensation when the
strength of the floor of the user’s factory 1n which the wire
clectric discharge machine 1s 1nstalled 1s equivalent to that of
the assembly plant where the wire electric discharge machine
1s assembled and also when the installation state of the wire
clectric discharge machine 1n the assembly plant is repro-
duced, e.g., the procedure of leveling of the wire electric
discharge machine is the same as the procedure 1n the assem-
bly plant.

By the way, FIG. 4 and FIG. 5 show examples of measure-
ment of the inter-jig distance 1n the X axis direction with the
contact detection j1g 20, but as shown1in F1GS. 7, 8,9, and 10,
the inter-j1g distance in the X axis direction (see FIG. 7), the
Y axis direction (see FIG. 8), and the XY axis direction (see
FIG. 9) can also be measured at the same time. When the
actual machinming pitch 1s shorter than the stroke in the XY
axis, the measurement may be performed with a distance
shorter than the stroke 1n the XY axis as shown in FIG. 10. In
order to detect the position of the contact detection j1g 20 with
high accuracy, it 1s desired to bring the wire electrode 14 1nto
contact with the contact detection jig 20 such that the wire
clectrode 14 1s perpendicular to the contact detection j1g 20 as
shown 1n FIG. 11.

Hereinafter, cases other than the contact detection j1g 20
having the contact detection unit formed with the conductive
member having the cylindrical shape as shown in FIG. 3 and
the like will be explained.

FIG. 12 1s a figure illustrating an example of a contact
detection j1g of which contact detection unit 1s a round hole.

A contact detection j1g 30 has a plate-like conductive sup-
port member 31 provided with a wire electrode contact unit
32 which 1s a circular through-hole having an approprate
diameter.

FI1G. 13 1s a figure 1llustrating an example of measurement
of an inter-j1g distance using the contact detection jig of FIG.
12.

Two contact detection j1gs 30 as shown 1n FIG. 12 are used,
and like FIGS. 4 and 5, these two contact detection jigs 30 are
attached on the same axis at two locations of the table 13 1n the
machining tank 3 so as to face each other. The contact position
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of the wire electrode contact unit 32 of the contact detection
11 30 and the wire electrode 14 can be measured by relatively
moving the wire electrode 14 with respect to the table 13 1n
the machining tank 3 as in the cases shown 1n FIGS. 3 and 4.
However, 1in this example, it 1s required that, after the contact
position of the wire electrode contact unit 32 of one of the
through-holes 1s detected, the wire electrode 1s once discon-
nected, and the wire electrode contact unit 32 of the other of
the through-holes 1s reconnected, and thereafter, detection of
contact position 1s carried out.

The contact position between the wire electrode 14 and the
wire electrode contact unit 32 may be at the position of the
wall surface of the through-hole on which the wire electrode
contact unit 32 1s formed, or may be at the central position of
the through-hole. F1G. 14 1s a figure 1llustrating an example of
a method for obtaining a hole center position by means of the
contact detection j1g of FIG. 12. The coordinates are mea-
sured at any three different wall surface positions of the
through-hole 1n which the wire electrode contact unit 32 1s
formed. Since the center of the circle 1s on a perpendicular
bisector of any chord on an arc, the center of the through-hole
can be obtained by performing calculation from two chords
obtained at any three points that do not overlap each other on
the arc. For the wire electrode 14, calculation of error evalu-
ation may be performed based on the central position of the
through-hole obtained by calculation instead of the wall sur-
face position of the through-hole serving as the wire electrode
contact unit 32.

In the above explanation, the contact detection j1g 20 as
shown 1n FIG. 3 has one wire electrode contact unit 22 com-
ing 1nto contact with the wire electrode 14, and the contact
detection j1g 30 as shown 1n FIG. 12 has one through-hole
serving as the wire electrode contact unit 32 coming into
contact with the wire electrode 14. Alternatively, two or more
wire electrode contact units may be supported by the support
member. This case 1s equivalent to a case where two contact
detection j1gs are used.

A contact detection j1g 40 having wire electrode contact
units 42a, 42b respectively attached to two locations of a
support member 41 will be explained with reference to FIG.
15.

The two wire electrode contact units 42a, 4256 attached to
the support member 91 are cylindrical members having con-
ductivity. These wire electrode contact units 42a, 425 are
attached to the support member 41 such that the wire elec-
trode contact units 42a, 425 are vertically arranged 1n parallel
to each other on the side surface of the support member 31.
When the error compensation 1s performed, the positions of
the two wire electrode contact units 42a and 426 may be
measured. Like FIGS. 4 and 5, the contact positions between
the wire electrode contact units 42a, 425 and the wire elec-
trode 14 are detected by relatively moving the wire electrode
14 with respect to the table 13.

FIG. 16 shows a contact detection j1g 50 provided with wire
clectrode contact units 52a, 525 which are through-holes with
which contact detection can be performed with wire elec-
trodes 14 at two locations of a support member 51. Like, e.g.,
FIGS. 4 and 5, the contact positions between the wire elec-
trode contact units 52a, 526 and the wire electrode 14 are
detected by relatively moving the wire electrode 19 with
respect to the table 13. However, 1n this case, like FIG. 13, 1t
1s required that, after the contact position of the wire electrode
contact unit 52a of one of the through-holes 1s detected, the
wire electrode 1s once disconnected, and the wire electrode
contact unit 525 of the other of the through-holes 1s recon-
nected, and thereafter, detection of contact position 1s carried
out.
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In the above cases of FIGS. 15 and 16, two wire electrode
contact units are provided on one support member, and there-
fore, work performed by a worker for fixing the support
member to the table 13 in the machining tank 3 can be
reduced. The positioning 1s easier than using two contact
detection j1gs.

Subsequently, a case where three contact detection jigs are
used will be explained. Using many contact detection jigs, an
average value can be calculated, which enables the error to be
evaluated more accurately. FIG. 17 1s a figure 1llustrating an
example where three contact detection jigs are used. Fach
contact detection jig 60 includes a support member 61 and a
wire electrode contact unit 62 vertically arranged on the side
surface of the support member 61. The wire electrode contact
unit 62 attached to the support member 61 1s a cylindrical
members having conductivity.

As shown 1n FIG. 17, the wire electrode 14 relatively
moves with respect to the wire electrode contact unit 62 of a
contact detection j1g 60, the wire electrode contact unit 62 of
a contact detection j1g 60, and the wire electrode contact unit
62 of a contact detection jig 60,. The position when the wire
clectrode 14 comes into contact with each of the wire elec-
trode contact units 62, 62, 62 1s detected.

The weight change of the wire electric discharge machine
has been hereinabove explained. Subsequently, change of the
situation of installation of the wire electric discharge machine
(the strength of the floor) will be explained.

For two or more contact detection jigs 20 provided on the
table 13:

[1] according to the contact detection of the wire electrode
14 1n the assembly plant of the wire electric discharge
machine before the shipment, coordinates a_, a, ., of contact
positions of a first contact detection j1g 20 and a second
contact detection j1g 20 __ ,, respectively, with the wire elec-
trode 14 are measured and stored, and as shown in FIG. 18, a
distance Xa, =a, ,,—a, between the contact detection j1gs 20,
and 20, _ , 1s obtained. Two or more contact detection jigs may
be used. The respective contact detection j1gs are arranged on
two opposite sides of the table 13 1n the machining tank 3 so
that the contact detection jigs are aligned on the axial line
parallel to the X axis.

In FIG. 18, the contact detection jigs, 1.e., the first contact
detection j1g 20, and the second contact detection j1g 20, _,,
are respectively arranged on the two opposite sides of the
table 13 1n the machining tank 3. Then, coordinates a,, a,_ , at
the contact positions of the wire electrode 14 can be measured
by relatively moving the wire electrode 14 with respect to the
first contact detection j1g 20 and the second contact detection
j1g 20 . of the table 13.

[2] After the wire electric discharge machine is installed 1n
the user’s factory (user’s plant) of which strength of the floor
1s different from that of the assembly plant, the same mea-
surement as that performed 1n the assembly plant 1n the above
[ 1] 1s executed, and the coordinates b _, b __, at the contact
positions of the contact detection jigs 20, 20 . and the wire
electrode 14 are measured and stored, and a distance between
the contact detection jigs Xb_=b, ., —b 1s obtained (see FIG.
19). Coordinates b, , b, _, at the contact position can be mea-
sured by relatively moving the wire electrode 14 with respect
to the contact detection j1gs 20, , 20 __ , fixed to the table 13.

[3] The inclination ®n of the amount of compensation 1s
obtained from the equation, On=(Xb -Xa )/Xb .

[4] When the distance from the contact position (coordi-
nate b ) of the wire electrode 14 1s denoted as (Xb, )", change
in positioning accuracy caused by the difference of the
strength of the floor where the wire electric discharge
machine 1s istalled and the difference of the levelling can be
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10
compensated by the equation, (Xb, )-® *(Xb ). Making
compensation according to the distance from the position of
the coordinate b, means making error compensation based on
the contact position coordinate system of which origin point
1s the position of the coordinate b, .

FIG. 20 1s a block diagram 1llustrating overview of pro-
cessing 1n a controller. This will be explained with reference
to FIGS. 1 and 2. The pressure sensor 6 1s a sensor for
measuring the liquid level of the machining liquid 16 1n the
machining tank 3, and a CPU 101 recerves a detection signal
output from the pressure sensor 6. Reference numeral 109
denotes a current value counter, which receives position
detection signals from position detectors 106, 108 respec-
tively provided 1n an X axis motor 105 and aY axis motor 107,
and transmits current position information of the table 13 to
the CPU 101. Reference numeral 103 denotes a memory unit
for storing compensation information according to the
present invention. The reference distance and the actual dis-
tance according to the error compensation of the present
invention are measured 1n advance using the above method,
and are stored to a memory unit 103 as reference distance
information and actual distance information. Reference
numeral 104 denotes a servo control unit, which transmits an
output corresponding to a move struction output from the
CPU 101 to each of the axis motors 105, 107, so that the table
13 or upper and lower guides 1, 2 are driven. The CPU 101
calculates the difference between the reference distance
information and the actual distance information, and per-
forms compensation calculation for compensating the
instruction according to the distance from the contact position
coordinate so as to cancel the difference during the actual
machining, and outputs 1t to the servo control unit 104.

The invention claimed 1s:

1. A wire electric discharge machine having a machining
tank for storing a machining liquid, wherein an object to be
machined is placed on a table provided in the machining tank,
and the object 1s machined by relatively moving a wire elec-
trode with respect to the table on the basis of an mstruction
output from a controller, the wire electric discharge machine
comprising:

a combination of contact detection jigs including a first
contact detection j1g having a first contact detection unit
and a second contact detection j1g having a second con-
tact detection unit, wherein the first and second contact
detection jigs are arranged at a predetermined distance
from each other on a same axial line on the table such
that the first and second contact detection units face each
other;

a contact detection unit for detecting contact between the
wire electrode and the first and second contact detection
Jigs;

a coordinate value memory unit for respectively storing
coordinate values of axes moved when the wire elec-
trode comes 1nto contact with the first and second con-
tact detection j1gs;

a reference distance memory unit for causing the wire
clectrode to come 1nto contact with the first and second
contact detection jigs under a first state 1n which a
desired positioning accuracy can be obtained, and
obtaining and storing, as a reference distance, a distance
between the first contact detection j1g and the second
contact detection jig from the coordinate values when
the wire electrode comes into contact with the first and
second contact detection jigs, which are stored 1n the
coordinate value memory unit;

an actual distance memory unit for causing the wire elec-
trode to come into contact with the first and second
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contact detection jigs under a second state which 1s
different from the first state, and storing, as an actual
distance, a distance between the first contact detection
11g and the second contact detection j1g from the coor-
dinate values when the wire electrode comes 1nto contact
with the first and second contact detection j1gs, which
are stored in the coordinate value memory unit; and
a compensation unit for calculating a difference between
the reference distance stored in the reference distance
memory unit and the actual distance stored 1n the actual
distance memory unit, and compensating the instruction
according to the distance from the contact position coor-
dinate so as to cancel the difference during actual
machining.
2. The wire electric discharge machine according to claim
1, wherein
in the first state, the wire electric discharge machine 1s
installed on a first floor with a first rigidity at which a
desired positioning accuracy 1s obtainable, and
in the second state, the wire electric discharge machine 1s
installed on a second tloor with a second rnigidity differ-
ent from the first ngidity.
3. The wire electric discharge machine according to claim
1, wherein the combination of the contact detection jigs 1s a
plurality of contact detection j1gs arranged in parallel.
4. The wire electric discharge machine according to claim
1, wherein the contact detection jig 1s made by making a
through-hole 1n a plate-like member, and a coordinate of a
center of the hole 1s obtained by bringing the wire electrode
into contact with at least three locations on an inner surface of
the through-hole, and the coordinate value 1s adopted as a
coordinate value of an axis moved when the contact detection
11g and the wire electrode come 1nto contact with each other.
5. The wire electric discharge machine according to claim
1, wherein the pair of contact detection jigs 1s constituted as a
single contact detection j1g having at least two contact units
with the wire electrode.
6. The wire electric discharge machine according to claim
1, wherein 1n the first state, the object 1s not placed on the
table, and the machining liquid 1s not accumulated i1n the
machining tank, and
in the second state, the object 1s placed on the table, and the
machining liquid 1s accumulated to a predetermined
machining liguid height 1n the machining tank.
7. The wire electric discharge machine according to claim
6, wherein the second state 1s achieved by accumulating the
machining liquid equivalent to a weight of the object placed
on the table, in addition to the machining liquid height during
the actual machining.
8. A wire electric discharge machine having a machining
tank for storing a machining liquid, wherein an object to be
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machined 1s placed on a table provided 1n the machining tank,
and the object 1s machined by relatively moving a wire elec-
trode with respect to the table on the basis of an mstruction
output from a controller, the wire electric discharge machine
comprising:

a combination of contact detection jigs including a first
contact detection jig having a first contact detection unit
and a second contact detection jig having a second con-
tact detection unit, wherein the first and second contact
detection jigs are arranged at a predetermined distance
from each other on axial lines different from each other
on the table such that the first and second contact detec-
tion units face each other;

a contact detection unit for detecting contact between the
wire electrode and the first and second contact detection
Jigs;

a coordinate value memory unit for respectively storing
coordinate values of axes moved when the wire elec-
trode comes 1nto contact with the first and second con-
tact detection j1gs;

a reference distance memory unit for causing the wire
clectrode to come 1nto contact with the first and second
contact detection jigs under a first state 1n which a
desired positioning accuracy can be obtained, and
obtaining and storing, as a reference distance, a distance
in each moving axial direction between the first contact
detection j1g and the second contact detection j1g from
the coordinate values when the wire electrode comes
into contact with the first and second contact detection
11gs, which are stored in the coordinate value memory
unit;

an actual distance memory unit for causing the wire elec-
trode to come 1nto contact with the first and second
contact detection j1gs under a second state which 1s
different from the first state, and storing, as an actual
distance, a distance 1n each moving axial direction
between the first contact detection j1g and the second

contact detection jig from the coordinate values when
the wire electrode comes 1nto contact with the first and
second contact detection jigs, which are stored in the
coordinate value memory unit; and

a compensation unit for calculating a difference between
the reference distance stored in the reference distance
memory unit and the actual distance stored in the actual
distance memory unit, and compensating the instruction
according to the distance from the contact position coor-
dinate so as to cancel the difference during actual
machining.
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